WAVEGUIDE COUPLER 



BACKGROUND OF THE INVENTION 
Filed of the Invention 

The present invention relates to a waveguide coupler of 
waveguide terminals formed in dielectric substrates used in 
conjunction with a high frequency band, such as microwave or 
millimeter-wave band. 

Description of the Related Art 

Fig . 1 is an exploded perspective view showing a configuration 
for coupling waveguide terminals formed in dielectric substrates 
by a conventional waveguide coupler. Fig. 2 is a side view when 
the waveguide terminals are joined together by a conventional 
waveguide coupler. In these figures, la and lb indicate dielectric 
substrates, 2a, 2b, 2c, 2d, and 2e indicate waveguide terminals, 
3a and 3b indicate carriers, 4 indicates a waveguide adapter, 5 
indicates a screw hole formed in the waveguide adapter, and 6 
indicates a screw. 

An example of such a conventional waveguide coupler will be 

described. In Figs. 1 and 2, the dielectric substrates la and lb 

having the waveguide terminals 2a and 2e formed therein are bonded 

to the carriers 3a and 3b, respectively, having the waveguide 

terminals 2b and 2d with an adhesive or by soldering or brazing. 

The two dielectric substrates bonded to the carries are aligned 

with the waveguide adapter 4 so that the positions of the waveguide 

terminals 2b, 2c, and 2d coincide with each other, and then fastened 

at the screw holes 5 with the screws 6. Thus, the conventional 
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dielectric substrates having the waveguide terminals formed therein 
are connected together with screws via carriers, a waveguide adapter, 
and so on. 

A transmitter-receiver circuit, for example, is provided on 
the dielectric substrates la, lb, for converting high frequency 
radio waves transmitted through a waveguide to electrical signals 
transmitting through a conductor, and vice versa. The transmitter 
circuit generates a high frequency signal in response to a signal 
entered externally to the dielectric substrate and supplies it to 
the carriers 3a, 3b side from the waveguide terminals 2a, 2e. On 
the other hand, the receiver circuit converts the high frequency 
signal entered from the carriers 3a, 3b side to the waveguide 
terminals 2a, 2b to an electrical signal and supplies it externally, 
for example. 

As described above, because conventional waveguide couplers 
use expensive carriers and waveguide adapter and are fastened with 
screws, efforts to reduce their cost have failed, and they continue 
to suffer from degraded machinability . Moreover, because the 
carriers and the waveguide adapter generally have different 
coefficients of thermal expansion, when the dielectric substrates 
are connected and fixed on the carriers and the waveguide adapter 
using an adhesive, there is a risk of ablation of the adhesive 
surface or fracture of associated members. Further, the wiring for 
input/output of electrical signals to/from the circuit on the 
dielectric substrate is formed by connecting wire materials onto 
the top surface of the dielectric substrate by bonding, for example, 
which complicates the manufacturing process. 



SUMMARY OF THE INVENTION 

The present invention is made to solve the above problems. 

Therefore, an object of the present invention is to provide a 

waveguide coupler which is capable of simplifying the process, such 

as the process of connecting waveguide terminals of dielectric 

substrates having a high frequency circuit formed thereon, while 

reducing the cost of the waveguide coupler. 

In a first aspect of the present invention, a waveguide 

coupler for connecting between rectangular waveguide terminals 

formed in two dielectric substrates arranged opposite to each other 

is provided. Each dielectric substrate includes a contact region 

which conducts electricity to a grounded conductor of the waveguide 

terminal- One contact region is arranged to surround the waveguide 

terminal at a position opposite to the other contact region when 

both waveguide terminals are connected together . Both dielectric 

substrates are joined with an electrically conductive joint member 

disposed between the opposing contact regions. 

With the present invention, the process of connecting between 

the waveguide terminals, which has conventionally been manually 

fastened with screws, can be simplified. Moreover, it is possible 

to reduce the cost of the coupler, because there is no need to use 

expensive parts, such as a waveguide adapter and carriers. 

In a second aspect of the present invention, a plurality of 

electrically conductive joint members are arranged to surround a 

waveguide terminal of an individual dielectric substrate. Both 

dielectric substrates are joined by the multiple conductive joint 

members which are sandwiched between the waveguide terminals of 

both dielectric substrates. This prevents the degradation of the 
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transfer characteristic of high frequency waves at the waveguide 
coupler, absorbs a difference between, for example, the 
coefficients of thermal expansion of both dielectric substrates. 
Moreover, because stress in the first dielectric substrate as a 
result of distortion due to thermal expansion or the like of the 
second dielectric substrate is unlikely to result, resulting cracks 
or other failures or defects in the first dielectric substrate can 
be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an exploded perspective view of a conventional 

waveguide coupler; 

Fig. 2 is a vertical section of the conventional waveguide 

coupler; 

Fig . 3A is an exploded perspective view of a waveguide coupler 
according to an Embodiment 1; 

Fig. 3B is a vertical section of the waveguide coupler 
according to Embodiment 1; 

Fig . 4 is an exploded perspective view of a waveguide coupler 
according to an Embodiment 2; 

Fig . 5A is a top view of a dielectric substrate which forms 
a waveguide coupler according to Embodiment 2, wherein a rectangular 
hole is formed as a waveguide terminal; 

Fig. 5B is a vertical section of the waveguide coupler using 
the dielectric substrate shown in Fig. 5A; 

Fig . 6A is a top view of a dielectric substrate which forms 

another waveguide coupler according to Embodiment 2, wherein a 

waveguide terminal is formed by providing through holes in a 

4 



rectangular shape; 

Fig , 6B is a vertical section of the waveguide coupler using 
the dielectric substrate shown in Fig. 6A; 

Fig. 7 is a vertical section of a model of a high frequency 
device using the waveguide coupler according to the present 
invention ; 

Fig. 8A is a top view of another dielectric substrate which 
forms a waveguide coupler according to an Embodiment 3, wherein 
a rectangular hole is formed as a waveguide terminal; 

Fig . 8B is a top view of a still another dielectric substrate 
which forms the waveguide coupler according to Embodiment 3, wherein 
a waveguide terminal is formed by providing through holes in a 
rectangular shape; 

Fig . 9 is a graph showing the characteristic of the waveguide 
coupler according to Embodiment 3; 

Fig. lOA is a top view of a dielectric substrate according 
to an Embodiment 4; 

Fig. lOB is a vertical section of a single-layered dielectric 
substrate according to Embodiment 4; 

Fig. IOC is a vertical section of a multi-layered dielectric 
substrate according to Embodiment 4; 

Fig. IIA is a top view of a dielectric substrate according 
to an Embodiment 5; 

Fig. IIB is a vertical section of the dielectric substrate 
according to Embodiment 5; 

Fig. 12A is a top view of a dielectric substrate according 
to an Embodiment 6; 

Fig. 12B is a vertical section of a single-layered dielectric 
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substrate according to Embodiment 6; 

Fig. 12C is a vertical section of a mult i- layered dielectric 
substrate according to Embodiment 6; 

Fig. 13A is a top view of a dielectric substrate according 
to an Embodiment 7; 

Fig. 13B is a vertical section of a single-layered dielectric 
substrate according to Embodiment 7; 

Fig. 13C is a vertical section of a multi-layered dielectric 
substrate according to Embodiment 7; 

Fig. 14A is a top view of a dielectric substrate according 
to an Embodiment 8; 

Fig. 14B is a vertical section of the dielectric substrate 
according to Embodiment 8; 

Fig . 15 is a graph showing the characteristic of the waveguide 
coupler according to Embodiment 8; 

Fig- 16A is a top view of a dielectric substrate according 
to an Embodiment 9; 

Fig. 16B is a vertical section of the dielectric substrate 
according to Embodiment 9; 

Fig . 17 is a graph showing the characteristic of the waveguide 
coupler according to Embodiment 9; 

Fig. 18A is a top view of a dielectric substrate according 
to an Embodiment 10; 

Fig. 18B is a vertical section of the dielectric substrate 
according to Embodiment 10; 

Fig . 19A is a top view of the first dielectric substrate which 

forms a waveguide coupler according to an Embodiment 11; 

Fig . 19B is a vertical section of the waveguide coupler 
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according to Embodiment 11; 

Fig. 19C is a top view of the second dielectric substrate 
which forms the waveguide coupler according to Embodiment 11; 

Fig. 20A is an exploded perspective view of a waveguide 
coupler according to an Embodiment 12; 

Fig. 2 OB is a vertical section of the waveguide coupler 
according to Embodiment 12; 

Fig. 21A is an exploded perspective view of a waveguide 
coupler according to an Embodiment 13; 

Fig. 2 IB is a vertical section of the waveguide coupler 
according to Embodiment 13; and 

Fig. 22 is a vertical section of a modified example of the 
waveguide coupler according to the Embodiment 13. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 . 

Fig . 3A is an exploded perspective view of a waveguide coupler 
showing a first embodiment of the present invention. Fig. 3B is 
a sectional view of the waveguide coupler. In the figures, la and 
lb indicate dielectric substrates, 2a and 2b indicate waveguide 
terminals formed in the dielectric substrates, 7 indicates solder 
serving as an electrically conductive joint member, and 8a and 8b 
indicate GND (grounded conductive) surfaces, each disposed on the 
surface of the individual substrate for conducting electricity to 
the grounded conductor of respective waveguide terminal. 

The connection of the waveguide teiminals will be described. 

In the figures, each dielectric substrate la, lb includes the 

waveguide terminal 2a, 2b formed in each substrate, and the GND 
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surface 8a, 8b disposed on the surface of the substrate for 
conducting electricity to the grounded conductor of the waveguide 
terminal 2a, 2b. The two dielectric substrates la and lb are 
arranged so that the GND surfaces Ba and 8b oppose each other. The 
solder 7 is disposed between and in contact with the GND surfaces 
8a and 8b, so as to surround the circumference of the waveguide 
terminals 2a and 2b. Thus, the two dielectric substrates la and 
lb are soldered to connect between the waveguide terminals. 

Forming the dielectric substrates la and lb shown in Figs. 
3A and 3B by multi-layered dielectric substrates can provide a 
similar configuration. 

By connecting between the waveguide terminals formed in the 
dielectric substrates by soldering, it is possible to simplify the 
connecting process of the waveguide terminals which has 
conventionally been fastened manually with screws. It is also 
possible to reduce the cost, because there is no need to use 
expensive parts, such as a waveguide adapter and carriers. 
Embodiment 2 . 

Fig. 4 is an exploded perspective view of a waveguide coupler 
showing a second embodiment of the present invention. Fig. 5A is 
a top view of the dielectric substrate which forms the waveguide 
coupler of the this embodiment, wherein a rectangular hole is formed 
in the dielectric substrate as a waveguide terminal. Fig. 5B is 
a vertical sectional view of the waveguide coupler formed by using 
the dielectric substrate shown in Fig. 5A. Fig. 6A is a top view 
of another example of the dielectric substrate which forms the 
waveguide coupler of this embodiment, wherein the waveguide 
terminal is formed by through holes arranged in a rectangular shape. 



Fig. 6B is a vertical sectional view of the waveguide coupler formed 
by using the dielectric substrate shown in Fig . 6A. In these figures, 
la, lb, 2a, 2b, 8a, and 8b indicate the elements similar to those 
shown in Embodiment 1, while 7 indicates a ball-shaped, 
barrel-shaped or cylindrical solder, and 9a and 9b indicate through 
holes . 

The connection of the waveguide terminals will be described. 
In the figures, the dielectric substrates la and lb, the waveguide 
terminals 2a and 2b, and the GND surfaces 8a and 8b are arranged 
similarly to those of Embodiment 1 and have similar functions. It 
should be noted that the GND surface 8a, although not shown in Fig. 
4, is disposed on the side of the dielectric substrate la facing 
the dielectric substrate lb. A plurality of ball-shaped, 
barrel-shaped, or cylindrical solders 7 are arranged between and 
in contact with the GND surfaces 8a and 8b, so as to surround the 
circumference of the waveguide terminals 2a and 2b. The ball- 
shaped, barrel-shaped, or cylindrical solders 7 are arranged in 
a row so that a gap between adjacent solders 7 is less than 1/4 
of the wavelength of a high frequency signal which passes through 
the waveguide terminals 2a and 2b. In this way, the two dielectric 
substrates la and lb, and the ball-shaped, barrel-shaped, or 
cylindrical solders 7 are arranged so that the waveguide terminals 
2a and 2b formed in the dielectric substrates la and lb are connected 
by soldering. 

Fig. 5A is a top view of the dielectric substrate of the 

waveguide coupler described in connection with Fig. 4. in the 

configuration shown in Fig. 5A, each dielectric substrate la, lb 

includes the waveguide terminal 2a, 2b formed in each substrate, 
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and the GND surface 8a, 8b disposed on the surface of the substrate 
for conducting electricity to the grounded conductor of the 
waveguide terminal 2a, 2b. A plurality of ball-shaped, barrel- 
shaped, or cylindrical solders 7 are arranged in a row on the GND 
surfaces 8a and 8b of the dielectric substrates la and lb, 
respectively, around the waveguide terminals 2a and 2b. In this 
case, a gap between adjacent ball-shaped, barrel-shaped, or 
cylindrical solders 7 is less than 1/4 of the wavelength of a high 
frequency signal which passes through the waveguide terminals 2a 
and 2b, as described above. 

The waveguide terminals 2a and 2b can also be formed by 
arranging the through holes 9a, 9b in a rectangular shape, as in 
the dielectric substrates la and lb shown in Fig. 6A, and disposing 
the GND surfaces 8a, 8b so as to conduct electricity to the through 
holes 9a, 9b, in order to provide a waveguide coupler similar to 
that of Fig. 4. 

Moreover, the waveguide coupler similar to that of Fig. 4 
can also be provided by forming the dielectric substrates la and 
lb shown in Figs. 5A, 5B, 6A, and 6B by multi-layered substrates. 

By connecting between the waveguide terminals formed in the 
dielectric substrate by soldering, it is possible to sdLmplify the 
connecting process of the waveguide terminals which has 
conventionally been fastened manually with screws. It is also 
possible to reduce the cost, because there is no need to use 
expensive parts, such as a waveguide adapter or carriers. 

Fig. 7 is a vertical section of a model of a high frequency 

device which uses the waveguide coupler according to the present 

invention. The architecture of the device is such that the 
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waveguide coupler of the above embodiment having the dielectric 
substrates la, lb is fixed inside a container 20. A high frequency 
circuit operable in the millimeter-wave band is mounted on the top 
surface of the dielectric substrate la. The GND surface 8a of the 
waveguide terminal 2a of the dielectric substrate la is bonded by 
solder 7a to the GND surface 8b of the waveguide teminal 2b of 
the dielectric substrate lb. The solder 7a is arranged to surround 
the waveguide terminals 2a, 2b, as mentioned above. The container 
20 is made of metal and includes the waveguide terminal 2c foimed 
opposite to the waveguide terminal 2b. The dielectric substrate 
lb is fixed to the container 20 with an adhesive or screws. Through 
the layered waveguide terminals 2a, 2b, and 2c of the dielectric 
substrates la, lb, and the container 20, respectively, high 
frequencies are input/output between the high frequency circuit 
on the dielectric substrate la and the outside of the container 
20. 

An electrical signal may be transmitted via a conductor 

between the high frequency circuit on the dielectric substrate la 

and the external circuit. The signal can be transmitted via an 

electrode 22a exposed on the back side of the dielectric substrate 

la via a through hole formed therein, an electrode 22b disposed 

on the surface of the dielectric substrate lb, and the solder 7b 

for connecting between these electrodes 22a, 22b. In this way, 

there is no need to connect wires to the top surface of the dielectric 

substrate la by bonding or other means. As a result, an electric 

terminal connecting to the high frequency circuit on the dielectric 

substrate la can be taken out on the dielectric substrate lb during 

the process of forming the waveguide coupler by placing the 
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dielectric substrate la and lb in an overlapping manner. 

The high frequency circuit mounted on the dielectric 
substrate la is sealed in an airtight manner to prevent degradation 
of circuit characteristics. A glass epoxy substrate which is 
generally used for this purpose is not suitable herein, because 
it absorbs water. Instead, a ceramic-based substrate is used for 
the dielectric substrate la, which is suitable for the airtight 
sealing without causing the above problem- The container 20 is made 
of metal, as mentioned above, and generally has a different 
coefficient of thermal expansion from that of the dielectric 
substrate la. In general, the ceramic-based material forming the 
dielectric substrate la can crack easily, it is, therefore, not 
desirable for the container 20 to have a coefficient of thermal 
expansion largely different from that of the dielectric substrate 
la, because of the risk of physical failure, such as cracking, of 
the dielectric substrate la. 

To solve this problem, the metallic material forming the 

container 20 may be selected to have a coefficient of thermal 

expansion sufficiently similar to that of the ceramic material 

forming the dielectric substrate la. At the same time, the 

coefficient of thermal expansion of the dielectric substrate lb 

disposed between the container 20 and the dielectric substrate la 

is set to assume an intermediate value between the coefficients 

of the dielectric substrate la and the container 20. Specifically, 

the materials of the dielectric substrate la, the dielectric 

substrate lb, and the container 20 are selected so that the magnitude 

of the coefficient of thermal expansion changes in this order- For 

example, the container 2 0 made of metal usually exhibits a greater 
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thermal expansion than does the dielectric substrate lb. In such 
a device, if the dielectric substrate lb is attached to one side 
of the container 20, the thermal expansion of this side of the 
container 20 is reduced, alleviating the influence of thermal 
expansion of the container 20 on the dielectric substrate la. The 
dielectric substrates la and lb are connected at point contacts 
by the solders 7a, 7b, and both the solders 7a, 7b themselves and 
the soldered connection between the solders 7a, 7b and individual 
dielectric substrates are relatively elastic. Therefore, 
different distortions due to thermal expansion of the dielectric 
substrates la and lb can be absorbed at this part to reduce the 
stress within the dielectric substrate la. 

For example, if the dielectric substrate la is made of a 
ceramic-based material, and the container 20 is made of aluminum 
(Al), the dielectric substrate lb can be formed by a glass epoxy 
substrate . 

In order to seal the waveguide terminals airtightly as in 
the above device, it is preferable to use the configuration as shown 
in Fig. 6A wherein the waveguide terminal 2a is formed by the through 
holes 9a arranged in a rectangular shape, rather than the 
configuration of Fig. 5A having the waveguide terminal 2a formed 
by a large aperture. In the configuration shown in Fig. 6A, the 
dielectric substrate remains inside the enclosure of the through 
holes 9a, and the through holes 9a can be closed easily by filling 
metals. By thus closing the waveguide terminal 2a, it can prevent 
flow of materials through it, while transmitting high frequency 
waves . 

The above-described second embodiment illustrates one aspect 
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of the present invention, wherein a plurality of electrically 
conductive joint members are arranged to surround the waveguide 
terminals of both dielectric substrates, and both dielectric 
substrates are bonded together by the multiple electrically 
conductive joint members which are sandwiched between the waveguide 
terminals of both dielectric substrates. With this configuration, 
the waveguide coupler can absorb the difference of coefficients, 
for example, of thermal expansion between both dielectric 
substrates without causing any damage to the transfer 
characteristic of high frequency waves. That is, stress is 
unlikely to result in the first dielectric substrate by distortion 
due to thermal expansion or the like of the second dielectric 
substrate, preventing a crack or the like of the first dielectric 
substrate. 

The above-described second embodiment also illustrates 
another aspect of the present invention, wherein a gap between 
adjacent electrically conductive joint member is equal to, or less 
than 1/4 of the wavelength of the high frequency signal passing 
through the waveguide terminal. With this configuration, it is 
possible to keep a good transfer characteristic of high frequency 
waves at the waveguide coupler . 
Embodiment 3 . 

Figs. 8A and 8B are top views of a dielectric substrate of 

a waveguide coupler according to a third embodiment of the present 

invention . In the figures , 1 to 9 indicate elements similar to those 

of Embodiment 2. 71 indicates a first solder row formed by the 

ball-shaped, barrel-shaped, or cylindrical solders 7 arranged in 

a row in parallel with shorter sides of the waveguide terminal 2, 
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and 72 indicates a second solder row formed by the ball-shaped, 
barrel-shaped, or cylindrical solders 7 arranged in a row in 
parallel with longer sides of the waveguide terminal 2 . 

Fig. 9 is a graph showing the loss in the waveguide coupler. 
The graph represents the characteristic of transfer efficiency when 
LI is fixed and L2 is changed, where Ll is a distance between the 
two first solder rows 71 arranged opposite to each other across 
the waveguide terminal 2, and L2 is a distance from an edge of the 
waveguide terminal 2 to either one of the two second solder rows 
72 arranged opposite to each other across the waveguide terminal 
2. 

In Fig. 8A, the dielectric substrate 1 includes the waveguide 

terminal 2 formed therein, and the GND surface 8 disposed on the 

surface of the substrate for conducting electricity to the grounded 

conductor of the waveguide terminal 2. The multiple ball-shaped, 

barrel-shaped, or cylindrical solders 7 are arranged in a row around 

the waveguide terminal 2 on the GND surface 8 of the dielectric 

substrate 1. Herein, a gap between adjacent ball-shaped, 

barrel-shaped, or cylindrical solders 7 is set to be equal to, or 

less than 1/ 4 of the wavelength of a high frequency signal passing 

through the waveguide terminal 2 . Assuming that Ll is a distance 

between the two first solder rows 71 arranged opposite to each other 

across the waveguide terminal 2, and L2 is a distance from an edge 

of the waveguide terminal 2 to either one of the two second solder 

rows 72 arranged opposite to each other across the waveguide 

terminal 2, Ll and L2 are set to have a relationship A x(0 .7 to 

1.3)=2/(1/L1^+ l/L2^)^''^ with respect to the wavelength A of a high 

frequency signal passing through the waveguide terminal 2,. 
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The transfer characteristic of the waveguide coupler will 
be described. As shown in Fig. 9, when the distance L2 is changed 
with the distance Ll being fixed, the loss in the waveguide coupler 
changes significantly. The loss is minimized at the optimal L2 
indicated in the figure., The optimal L2 of this graph can be 
determined from the above expression A x{ 0 .7 to 1.3)=2/( 1/L1^+ 

By setting Ll and L2 as above, it is possible to minimize 
the loss (and maximize the amount of transfer) in the waveguide 
coupler, while simplifying and reducing the cost of the connecting 
process of the waveguide terminals. 

A similar advantage can be provided by forming the waveguide 
terminal 2 by the through holes 9 arranged in a rectangular shape 
in the dielectric substrate, and disposing the GND surface 8 so 
as to conduct electricity to the through holes 9, as shown in Fig. 

8B. 

Forming the dielectric substrate 1 as shown in Figs. 8A and 
8B by a multi-layered dielectric substrate can also provide a 
similar advantage. 

Although the solders 7 described above are ball-shaped, 
barrel-shaped, or cylindrical, solders in other shapes, such as 
a plate, can provide similar advantages. 

To summarize, in a further aspect of the present invention, 

the multiple electrically conductive joint members are arranged 

in a row on the circumference of a rectangle having four sides, 

each two sides being in parallel with either longer or shorter sides 

of the rectangular waveguide terminal. Assuming that Ll is a 

distance between the first rows of the conductive joint members 
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arranged on opposite two sides of the rectangle running in parallel 

with the shorter sides of the waveguide terminal, and L2 is a 

distance between the edge of the waveguide terminal and either one 

of the second rows of the conductive joint members arranged on 

opposite two sides of the rectangle running in parallel with the 

longer sides of the waveguide terminal, Ll and L2 are set to satisfy 

the relationship 

Ax(0.7 to 1.3)=2/(1/L1'+ 1/L2')'^' 

where A is the wavelength of a high frequency signal passing through 

the waveguide terminal. With this configuration, the loss in the 

waveguide coupler is minimized, as described above. 

It is understood from Fig. 9 that the loss in the waveguide 

coupler becomes minimal at the optimal L2 and also at L2=0. 

Specifically, to correspond to L2=0, the first solder rows 71 and 

the second solder rows 72 can be arranged in close proximity to 

the edge of the waveguide terminal 2 (e.g., L2=0.2 to 0.5mm), in 

order to minimize the loss in the waveguide coupler . By arranging 

the solder rows closer to the edge of the waveguide terminal 2, 

an area of the dielectric substrates la, lb to be occupied by the 

waveguide terminals surrounded by the solder rows is decreased. 

Accordingly, the size of the dielectric substrates la, lb can be 

decreased, leading to cost reduction. This is particularly 

advantageous when the dielectric substrate la or lb is formed by 

a ceramic-based material, because such material is relatively 

expensive. In practice, when the waveguide coupler formed by the 

dielectric substrates la, lb is used in a device, stress may result 

in the dielectric substrates because of the difference of thermal 

expansion between the substrates and the container or the like to 
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which the substrates are attached. When the thickness of the 
dielectric substrates is fixed, the dielectric substrates become 
stronger as the area of the substrates is smaller. Therefore, by 
using the above-described arrangement of the solder rows to decrease 
areas of the dielectric substrates, it is possible to prevent 
cracking of the ceramic substrate as a result of thermal expansion 
or the like, to thereby improve the reliability of the device. 

Thus, in a still further aspect of the present invention, 
the multiple conductive joint members are arranged in a row on the 
circumference of a rectangle having four sides, each two sides being 
in parallel with longer or shorter sides of the rectangular 
waveguide terminal. Herein, both a distance between the first rows 
of the conductive joint members arranged on opposite two sides of 
the rectangle running in parallel with the shorter sides of the 
waveguide terminal, and a distance between the edge of the waveguide 
terminal and either one of the second rows of the conductive joint 
members arranged on opposite two sides of the rectangle running 
in parallel with the longer sides of the waveguide terminal are 
set to be equal to, or less than O.Bmm, respectively. This 
configuration is advantageous in terms of minimizing the loss in 
the waveguide coupler, for example. 
Embodiment 4 . 

Fig- 1 OA is a top view showing a dielectric substrate of the 

waveguide coupler according to a fourth embodiment of the present 

invention. Figs. lOB and IOC are vertical sections of the 

dielectric substrate. In the figures, components 1 to 9 are similar 

to those of Embodiment 3, 10 indicates a solder resist serving as 

a resist film for joint members, 11 indicates a pad which forms 
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part of the GND surface 8 for disposing the ball-shaped, 
barrel-shaped, or cylindrical solders 7 thereon, and 12 indicates 
a GND pattern formed in an internal layer of a multi-layered 
substrate. 

Fig. lOA is a top view of the dielectric substrate 1, Fig. 
lOB is a vertical section of a single-layered dielectric substrate 

1, and Fig. IOC is a vertical section of a multi-layered dielectric 
substrate 1. In Figs. lOA and lOB, the dielectric substrate 1 
includes the waveguide terminal 2 formed therein, and the GND 
surface 8 disposed on the surface of the substrate for conducting 
electricity to the grounded conductor of the waveguide terminal 

2. The solder resist 10 is applied on a region of the GND surface 
8 other than the regions where the pads 11 used for disposing the 
ball-shaped, barrel-shaped, or cylindrical solder 7 are to be formed. 
Then, the pads 11 to which the ball-shaped, barrel-shaped, or 
cylindrical solder 7 can be attached are formed on this region of 
the GND surface 8 . 

Fig. IOC shows the dielectric substrate 1 of Fig. lOA formed 
by a multi-layered substrate, wherein the GND surface 8 is connected 
to the grounded conductor of the waveguide terminal 2 via the GND 
pattern 12 formed in the internal layer of the dielectric substrate 
1 and the through hole 9. The solder resist 10 and the pads 11 used 
for disposing the ball-shaped, barrel-shaped, or cylindrical 
solders 7 are provided as shown in Fig. lOA. 

By providing the pads 11 for the ball-shaped, barrel-shaped, 

or cylindrical solders 7 using the solder resist 10, it is possible 

to set the positions of the ball-shaped, barrel-shaped, or 

cylindrical solders 7 accurately, while simplifying and reducing 
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the cost of the connecting process of the waveguide teminal 2, 
as in Embodiment 2. It is also possible to minimize the loss in 
the waveguide coupler by deriving and setting the parameters Ll 
and L2 concerning the positions of the ball-shaped, barrel-shaped, 
or cylindrical solders 7, as in Embodiment 3. 

A similar advantage can be provided by forming the waveguide 
terminal by arranging the through holes in a rectangular shape on 
the dielectric substrate 1, and then disposing the GND surface 8 
so as to conduct electricity to the through holes. 

Although the solders 7 described above are ball-shaped, 
barrel-shaped, or cylindrical, solders in other shapes, such as 
a plate, can provide similar advantages. 

If the solder resist 10 is not applied between the solders 
7 on the surface of the substrate with only a small gap being provided 
between individual solders, heat during bonding of the dielectric 
substrates la, lb, could melt the solder such that it spreads over 
the surface of the substrate, possibly merging and becoming a mass 
of solder. In principle, this happens between two adjacent solders 
7 . Therefore, a gap between the adjacent solders 7 is substantially 
eliminated, while a gap between the merged solder pair and its 
adjacent solder 7 becomes larger than a designed value, leaving 
uneven gaps between solders . 

In contrast, when the solder resist 10 is applied between 

the positions where the solders 7 are to be placed according to 

this embodiment, the solders 7 can be separated clearly from each 

other even when only a small gap is provided between adjacent solders 

7, thereby making it easy to maintain a constant gap between the 

solders 7 . Specifically, in the waveguide coupler compatible with 
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higher frequencies it is easy to set the gap between the solders 
7 to a certain design value, such as 1/4 of the wavelength, to reduce 
the loss of the high frequency signal. 

Thus, the fourth embodiment defines a still further aspect 
of the present invention, wherein at least one dielectric substrate 
includes a grounded conductive surface formed on the side of the 
substrate opposite to the other dielectric substrate for conducting 
electricity to the grounded conductor of the waveguide terminal, 
and a resist film for the joint members formed on the grounded 
conductive surface for preventing attachment of the conductive 
joint members. In this way, the contact regions are provided in 
part of the grounded conductive surface, while the resist film for 
the joint members is formed in a pattern having apertures for the 
contact regions . By providing the resist film for the joint members 
on the surface of the grounded conductor of the dielectric substrate 
so as to expose multiple contact regions on which the conductive 
joint members are to be placed, it is possible to improve accuracy 
of positioning of the conductive joint members, especially the 
accuracy of spacing between adjacent conductive joint members, and 
thereby reduce loss in the waveguide coupler. 

With the above configuration, it is also possible to suppress 

loss in the waveguide coupler by setting the positional relationship 

between the waveguide terminal and the solder rows arranged on the 

circumference of a rectangle, as in the third embodiment described 

above. For example, if it is desired to position the solder rows 

and the edge of the waveguide terminal in close proximity to each 

other, a region covered by the solder resist 10 is provided between 

the edge of the waveguide terminal and the pads 11 . In such a device, 
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although it is not possible to eliminate a space between the solder 
rows and the waveguide terminal, this distance can be reduced to 
O.Sirim or less using various patterning techniques. This 
facilitates achievement of a preferable transfer characteristic. 
Embodiment 5 . 

Fig. IIA is a top view showing a dielectric substrate of the 
waveguide coupler according to a fifth embodiment of the present 
invention. Fig. IIB is a vertical section of the dielectric 
substrate . In the figures , components 1 1 and 12 are similar to those 
of Embodiment 4 . 

The dielectric substrate 1 includes the waveguide terminal 
2 formed therein, and the GND surface 8 disposed on the substrate 
for conducting electricity to the grounded conductor of the 
waveguide terminal 2 . The GND pattern 12 connected to the grounded 
conductor of the waveguide terminal 2 is formed in the internal 
layer of the dielectric substrate 1 and connected to the pads 11 
for the ball-shaped, barrel-shaped, or cylindrical solders 7 via 
the through holes 9 . 

By providing the pads 11 connected to the grounded conductor 
of the waveguide terminal 2 through the internal layer of the 
multi-layered substrate, it is possible to set the positions of 
the ball-shaped, barrel-shaped, or cylindrical solders 7 accurately, 
while simplifying and reducing the cost of the connecting process 
of the waveguide terminal, as in Embodiment 2. It is also possible, 
as in Embodiment 3, to minimize the loss in the waveguide coupler 
by deriving and setting the parameters Ll and L2 concerning the 
positions of the ball-shaped, barrel-shaped, or cylindrical solders 
7 . 
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A similar advantage can be obtained by forming the waveguide 
terminal in the dielectric substrate 1 by arranging the through 
holes in a rectangular shape, and disposing the GND pattern 12 of 
the internal layer which conducts electricity to the through holes, 
the through holes 9, and the pads 11. 

Although the solders 7 described above are ball-shaped, 
barrel-shaped, or cylindrical, solders in other shapes, such as 
a plate, can provide similar advantages. 

Thus, the fifth embodiment defines a still further aspect 
of the present invention, wherein at least one dielectric substrate 
is multi-layered, and includes a plurality of pads serving as 
contact regions which are formed on the surface of the dielectric 
substrate for conducting electricity to the grounded conductor of 
the waveguide terminal through the internal layer and the through 
holes of the dielectric substrate, with this configuration, the 
multiple pads for disposing the conductive joint members thereon 
are placed on the surface of the dielectric substrate at positions 
separated from the grounded conductive surface conducting 
electricity to the grounded conductor of the waveguide teminal. 
The pads are configured to conduct electricity to the grounded 
conductor of the waveguide terminal through the internal layer and 
the through holes of the multi-layered dielectric substrate . Thus , 
an accuracy of positioning the conductive joint members can be 
improved and, accordingly, the loss in the waveguide terminal is 
reduced . 
Embodiment 6 . 

Fig. 12A is a top view showing a dielectric substrate of the 

waveguide terminal according to a sixth embodiment of the present 
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invention. Figs. 12B and 12C are vertical sections of the 
dielectric substrate. In the figures, components 1 to 12 are 
similar to those of Embodiment 5;- and 13 indicates a connecting 
wire for connecting the GND surface 8 to the pads 11. 

Fig. 12A is a top view of the dielectric substrate 1, Fig. 
12B is a vertical section of a single-layered dielectric substrate 

I, and Fig. 12C is a vertical section of a multi-layered dielectric 
substrate 1. 

In Figs. 12A and 12B, the dielectric substrate 1 includes 
the waveguide terminal 2 formed therein, and the GND surface 8 
disposed on the surface of the substrate for conducting electricity 
to the grounded conductor of the waveguide terminal 2. The GND 
surface 8 is connected to the pads 11 for the ball-shaped, 
barrel-shaped, or cylindrical solders 7 via the connecting wire 
13 . The connecting wire 13 also connects between the multiple pads 

II. With this configuration, it is possible to prevent the flow 
of solder into the GND surface 8 when the connecting wire 13 has 
a narrower width . 

Fig. 12C shows a dielectric substrate 1 formed of a 
multi- layered substrate, wherein the GND surface 8 is connected 
to the grounded conductor of the waveguide terminal 2 via the GND 
pattern 12 formed in the internal layer of the dielectric substrate 
1 and the through hole 9. The connecting wire 13 and the pads 11 
are formed as shown in Fig. 12A and have similar functions. 

By providing the pads 11 connected to the grounded conductor 

of the waveguide terminal 2 via the connecting wire 13, it is 

possible to set the positions of the ball-shaped, barrel-shaped, 

or cylindrical solders 7 accurately, while simplifying and reducing 
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the cost of the connecting process of the waveguide terminal, as 

in Embodiment 2. It is also possible to minimize the loss in the 

waveguide coupler by deriving and setting the parameters Ll and 

L2 concerning the positions of the ball-shaped, barrel-shaped, or 

cylindrical solders 7 as in Embodiment 3. 

A similar advantage can be provided by forming the waveguide 

terminal such that the through holes are arranged in a rectangular 

shape in the dielectric substrate 1 and that the GND surface 8 

conducts electricity to the through holes, the connecting wire 13, 

and the pads 11. 

Although the solders 7 described above are ball-shaped, 

barrel-shaped, or cylindrical, solders in other shapes, such as 

a plate, can provide similar advantages. 

Thus, the sixth embodiment defines a still further aspect 

of the present invention, wherein at least one dielectric substrate 

includes the grounded conductive surface formed on the side of the 

substrate opposite to the other dielectric substrate for conducting 

electricity to the grounded conductor of the waveguide terminal, 

multiple pads formed on the same side of the substrate as the 

grounded conductive surface for serving as contact regions, and 

the connecting wire for electrically connecting each pad to the 

grounded conductive surface. With such a configuration, the 

multiple pads are disposed on the surface of the dielectric 

substrate at positions separated from the grounded conductive 

surface conducing electricity to the grounded conductor of the 

waveguide terminal, and the connecting wire is provided for 

connecting the pads to the grounded conductive surface. Thus, 

accuracy of positioning of the conductive joint members can be 
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improved and, accordingly, the loss in the waveguide coupler can 
be reduced. 
Embodiment 7 . 

Fig. 13A is a top view showing a dielectric substrate of the 
waveguide coupler according to a seventh embodiment of the present 
invention. Figs. 13B and 13C are vertical sections of the 
dielectric substrate. In the figures, components 1 to 12 are 
similar to those of Embodiment 4. 

Fig. 13A is a top view of the dielectric substrate 1, Fig. 
13B is a cross section of a single-layered dielectric substrate 

1, and Fig. 13C is a cross section of a multi-layered dielectric 
substrate 1. in Figs. 13A and 13B, the dielectric substrate 1 
includes the waveguide terminal 2 formed therein and the GND surface 
8 disposed on the surface of the substrate for conducting 
electricity to the grounded conductor of the waveguide terminal 

2. The solder resist 10 is applied on a region of the GND surface 
8 other than the regions where the pads 11 for disposing the 
ball-shaped, barrel-shaped, or cylindrical solders 7 are to be 
formed. Thus, the pads 11 to which the ball-shaped, barrel-shaped, 
or cylindrical solders 7 can be attached are formed on this region 
of the GND surface 8 . The pads 1 1 are oblong so that multiple solders 
7 can be disposed on one pad 11. 

Fig. 13C shows the multi-layered dielectric substrate 1, 

wherein the GND surface 8 is connected to the grounded conductor 

of the waveguide terminal 2 via the GND pattern 12 formed in the 

internal layer of the dielectric substrate 1 and the through hole 

9. The solder resist 10 and the pads 11 for disposing the 

ball-shaped, barrel-shaped, or cylindrical solders 7 are formed 
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as shown in Fig. 13A . 

By using the solder resist 10 to provide the pads 11 for the 
ball-shaped, barrel-shaped, or cylindrical solders 7, it is 
possible to set the positions of the ball-shaped, barrel-shaped, 
or cylindrical solders 7 accurately, while, as in Embodiment 2, 
simplifying and reducing the cost of the connecting process of the 
waveguide terminals. It is also possible, as in Embodiment 3, to 
minimize the loss in the waveguide coupler by deriving and setting 
the parameters LI and L2 concerning the positions of the ball- 
shaped, barrel-shaped, or cylindrical solders 7. 

Although the pads 11 are oblong in the figures, pads 11 can 
be formed so as to surround the circumference of the waveguide 2 
to provide a similar advantage. 

A similar advantage can also be provided even when adjacent 
ball-shaped, barrel-shaped, or cylindrical solders 7 melt together 
and merge after soldering. 

Although the solders 7 described above are ball-shaped, 
barrel-shaped, or cylindrical, solders in other shapes, such as 
a plate, can provide similar advantages. 

Also, a similar advantage can be provided by forming the 
waveguide coupler by arranging the through holes in a rectangular 
shape in the dielectric substrate, and disposing the GND surface 
8 so as to conduct electricity to the through holes. 
Embodiment 8 . 

Fig. 14A is a top view showing a dielectric substrate of the 

waveguide coupler according to an eighth embodiment of the present 

invention. Fig. 14B is a vertical section of the dielectric 

substrate. m the figures, 1 to 11 are similar to those of 

27 



Embodiment 4 . 

Fig. 15 is a graph showing the coupling index of a high 
frequency signal between the waveguide terminal shown in Fig. 14A 
and its adjacent waveguide terminal. The adjacent waveguide 
terminal is disposed, although not shown, externally to the 
ball-shaped, barrel-shaped, or cylindrical solders 7 arranged in 
rows around the circumference of the waveguide terminal shown in 
Fig. 14A. 

The dielectric substrate 1 includes the waveguide terminal 
2 formed therein, and the GND surface 8 disposed on the surface 
of the substrate for conducting electricity to the grounded 
conductor of the waveguide terminal 2. The solder resist 10 is 
applied on a region of the GND surface 8 other than the regions 
where the pads 11 for disposing the ball-shaped, barrel-shaped, 
or cylindrical solders 7 are to be formed. Thus, the pads 11 for 
disposing the ball-shaped, barrel-shaped, or cylindrical solders 
7 are formed on this region of the GND surface 8. Herein, the pads 
11 are formed in double rows around and parallel with the sides 
of the rectangular waveguide terminal 2 so as to provide two rows 
of the ball-shaped, barrel-shaped, or cylindrical solders 7. 

In Fig. 15, a curve a represents the coupling index of a high 
frequency signal between adjacent waveguide terminals when the 
ball-shaped, barrel-shaped, or cylindrical solders 7 are arranged 
in a single row around the waveguide terminal 2, while a curve b 
represents the coupling index when the solders are arranged in 
double rows. As indicated in the graph, by providing the ball- 
shaped, barrel-shaped, or cylindrical solders 7 in multiple rows, 

it is possible to suppress the coupling index between adjacent 
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waveguide terminals, which is especially advantageous if, for 
example, more than one waveguide terminals 2 are provided. 

By providing the ball-shaped, barrel-shaped, or cylindrical 
solders 7 in multiple rows, it is possible to suppress the coupling 
index between adjacent waveguide terminals, while, as in Embodiment 
4, setting the positions of the ball-shaped, barrel-shaped, or 
cylindrical solders 7 accurately as well as simplifying and reducing 
the cost of the connecting process of the waveguide terminal, it 
is also possible to minimize the loss in the waveguide coupler, 
as in Embodiment 3, by deriving and setting the parameters LI and 
L2 concerning the positions of the ball-shaped, barrel-shaped, or 
cylindrical solders 7. 

A similar advantage can be provided by forming the waveguide 
terminal by arranging the through holes in a rectangular shape in 
the dielectric substrate 1, and disposing the GND surface 8 so as 
to conduct electricity to the through holes. 

Although the solders 7 described above are ball-shaped, 
barrel-shaped, or cylindrical, solders in other shapes, such as 
a plate, can provide similar advantages. 

Thus, the eighth embodiment defines a still another aspect 
of the present invention, wherein at least one dielectric substrate 
forming the waveguide coupler includes multiple conductive joint 
members arranged in rows running parallel to the sides of the 
rectangular waveguide terminal, with several rows each being 
disposed for each side of the waveguide terminal. With this 
configuration, it is possible to suppress the coupling index between 
adjacent waveguide terminals. 
Embodiment 9 . 
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Fig. 16A is a top view showing a dielectric substrate of the 
waveguide coupler according to a ninth embodiment of the present 
invention. Fig. 16B is a vertical section of the dielectric 
substrate. In these figures, components 1 to 11 are similar to those 
of Embodiment 8 . 

Fig. 17 is a graph showing the coupling index of a high 
frequency signal between the waveguide terminal shown in Fig. 16A 
and its adjacent waveguide terminal. Although not shown in the 
figure, the adjacent waveguide terminal is disposedexternally to 
the ball-shaped, barrel-shaped, or cylindrical solders 7 arranged 
in rows around the waveguide terminal 2 shown in Fig. 16A. 

The dielectric substrate 1, the waveguide terminal 2, the 
GND surface 8, the solder resist 10, and the pads 11 are formed 
in a similar manner to those of Embodiment 8. The pads 11 and the 
ball-shaped, barrel-shaped, or cylindrical solders 7 are formed 
in double rows around and parallel with the sides of the rectangular 
waveguide terminal 2, wherein a gap between the rows is set in the 
range of ±30% of the 1/4 wavelength of a high frequency signal 
(assuming its frequency to be FO) passing through the waveguide 
terminal 2. 

In Fig. 17, a curve c represents the coupling index of a high 

frequency signal between adjacent waveguide terminals when the 

ball-shaped, barrel-shaped, or cylindrical solders 7 are arranged 

on the circumference of the waveguide terminals in two rows with 

a certain gap provided between them, while a curve d represents 

the coupling index when the gap is set in the range of ±30% of the 

1/4 wavelength of a high frequency signal (assuming its frequency 

to be FO) passing through the waveguide terminal 2 . By setting the 
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gap between the ball-shaped, barrel-shaped, or cylindrical solders 
7 in the range of ±3 0% of the 1/4 wavelength of the high frequency 
signal passing through the waveguide terminal 2, it is possible 
to further suppress the coupling index between adjacent waveguide 
terminals only in the frequency band of the high frequency signal. 
This is advantageous when, for example, several waveguide terminals 
2 are provided. 

By arranging the ball-shaped, barrel-shaped, or cylindrical 
solders 7 in several rows with a gap between the rows in the range 
of ±30% of the 1/4 wavelength of the high frequency signal passing 
through the waveguide terminal 2, it is possible to suppress the 
coupling index between adjacent waveguide terminals, while, as in 
Embodiment 4, setting the positions of the ball-shaped, 
barrel-shaped, or cylindrical solders 7 accurately as well as 
simplifying and reducing the cost of the connecting process of the 
waveguide terminals. It is also possible to minimize the loss in 
the waveguide coupler by deriving and setting the parameters Ll 
and L2 concerning the positions of the ball-shaped, barrel-shaped, 
or cylindrical solders 7. 

A similar advantage can be provided by forming the waveguide 
terminal by arranging the through holes in a rectangular shape, 
and disposing the GND surface 8 so as to conduct electricity to 
the through holes . 

Although the solders 7 are ball-shaped, barrel-shaped, or 
cylindrical in the above description, they can be in other shapes, 
such as a plate, to provide a similar advantage. 
Embodiment 10. 

Fig . 18A is a top view of a dielectric substrate of the 
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waveguide coupler according to a tenth embodiment of the present 
invention. Fig. 18B is a vertical section of the dielectric 
substrate. In the figures, components 1 to 11 are similar to those 
of Embodiment 4 . 

The dielectric substrate 1 includes two waveguide terminals 
2 formed therein, and the GND surface 8 disposed on the substrate 
for conducting electricity to the grounded conductors of the two 
waveguide terminals 2. The solder resist 10 is applied on a region 
of the GND surface 8 other than the regions where the pads 11 for 
disposing the ball-shaped, barrel-shaped, or cylindrical solders 
7 are to be formed. Thus, the pads 11 to which the ball-shaped, 
barrel-shaped, or cylindrical solders 7 can be attached are formed 
on this region of the GND surface 8. Herein, the pads 11 are also 
provided around and between the two waveguide terminals. 

By arranging more than one waveguide terminals 2 adjacent 
to each other and disposing the ball-shaped, barrel-shaped, or 
cylindrical solders 7 around and between the waveguide terminals 
2, it is possible to provide several waveguide terminals 2 in a 
small space, while setting the positions of the ball-shaped, 
barrel-shaped, or cylindrical solders 7 accurately as well as 
simplifying and reducing the cost of the connecting process of the 
waveguide terminals as in Embodiment 4. It is also possible, as 
in Embodiment 3, to minimize the loss in the waveguide coupler by 
deriving and setting the parameters Ll and L2 concerning the 
positions of the ball-shaped, barrel-shaped, or cylindrical solders 
7. 

A similar advantage can be provided by forming the waveguide 

terminals by arranging the through holes in a rectangular shape 
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in the dielectric substrate 1, and disposing the GND surface 8 so 
as to conduct electricity to the through holes. 

Although the solders 7 described above are ball-shaped, 
barrel-shaped, or cylindrical, solders in other shapes, such as 
a plate, can provide similar advantages. 

Embodiment 10 defines a still further aspect of the present 
invention, wherein at least one dielectric substrate includes two 
or more waveguide terminals formed therein, and the contact regions 
are disposed on the circumference of each waveguide terminal so 
as to correspond to the opposing sides of adjacent rectangular 
waveguide terminals. Thus, the contact regions are shared by the 
adjacent waveguide terminals. With this configuration, it is 
possible to provide several waveguide terminals in a small space. 
Embodiment 1 1 . 

Figs. 19A and 19C are top views of two types of dielectric 
substrates of the waveguide coupler according to an eleventh 
embodiment of the present invention. Fig. 19B is a vertical section 
of the waveguide coupler where the two types of dielectric 
substrates are joined. In the figures, components 1 to 13 are 
similar to those of Embodiments 4 and 6. 

The dielectric substrate la is an upper substrate of the 
section shown in Fig. 19B, which includes the waveguide terminal 
2a formed therein and the GND surface 8a disposed on the surface 
of the substrate for conduct electricity to the grounded conductor 
of the waveguide terminal 2a. The GND surface 8a is connected via 
the connecting wire 13 to the pads 11a for the ball-shaped, 
barrel-shaped, or cylindrical solders 7 disposed on the surface 
of the dielectric substrate la. The connecting wire 13 also 



connects between the multiple pads 11. The GND surface 8a is 
connected to the grounded conductor of the waveguide terminal 2a 
via the GND pattern 12 formed in the internal layer of the dielectric 
substrate la and the through holes 9. 

The dielectric substrate lb is a lower substrate of the 
section shown in Fig. 19B, which includes the waveguide terminal 
2b formed therein and the GND surface 8b disposed on the substrate 
for conducting electricity to the grounded conductor of the 
waveguide terminal 2b. The solder resist 10 is applied on a region 
of the GND surface 8b other than the regions where the pads lib 
for disposing the ball-shaped, barrel-shaped, or cylindrical 
solders 7 are to be formed. Thus, the pads lib to which the 
ball-shaped, barrel-shaped, or cylindrical solders 7 can be 
attached are formed on this region of the GND surface 8b. 

The two dielectric substrates la and lb are disposed so that 
the pads 11a and lib oppose each other. After that, the ball-shaped, 
barrel-shaped, or cylindrical solders 7 are provided to connect 
between the waveguide terminals 2a and 2b by soldering. 

With this configuration, it is possible to set the positions 

of the ball-shaped, barrel-shaped, or cylindrical solders 7 

accurately, while, as in Embodiment 2, simplifying and reducing 

the cost of the connecting process of the waveguide terminals. It 

is also possible, as in Embodiment 3, to reduce the loss in the 

waveguide coupler by deriving and setting the parameters LI and 

L2 concerning the positions of the ball-shaped, barrel-shaped, or 

cylindrical solders 7 . 

Although the solders 7 described above are ball-shaped, 

barrel-shaped, or cylindrical, solders in other shapes, such as 
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a plate, can provide similar advantages. 
Embodiment 12 . 

Fig. 20A is an exploded perspective view of a waveguide 
coupler according to a twelfth embodiment of the present invention. 
5 Fig. 2 OB is a vertical section of the waveguide coupler. In the 
figures, la, lb, 2a, 2b, 8a, and 8c are similar to those of Embodiment 
1, and 14 indicates an electrically conductive adhesive. 

The waveguide coupler will be described . In the figures , each 
dielectric substrate la, lb includes the waveguide terminal 2a, 
ti 2b formed therein, and the GND surface 8a, 8b disposed on the surface 
7 of the substrate for conducting electricity to the grounded 
J:; conductor of the waveguide terminal 2a, 2b. The two dielectric 
m substrates la and lb are disposed in a manner that the GND surfaces 
P 8a and 8b oppose each other. The two dielectric substrates la and 
lb are bonded together by the conductive adhesive 14 sandwiched 
between the GND surfaces 8a and 8b, whereby the waveguide terminals 
are connected. The conductive adhesive 14 is disposed to surround 
the circumference of both waveguide terminals 2a, 2b- 

A similar configuration can be realized by forming the 
20 dielectric substrates la and lb shown in Fig. 20A of multi-layered 
substrates . 

By bonding the waveguide terminals formed in the dielectric 
substrates with the electrically conductive adhesive, it is 
possible, as in Embodiment 1, to simplify the connecting process 
25 of the waveguide terminals, which has conventionally been manually 
fastened with screws. It is also possible to reduce the cost, 
because expensive parts, such as a waveguide adapter or carriers, 
may be eliminated. 



Embodiment 1 3 . 

Fig. 21A is an exploded perspective view of a waveguide 
coupler according to a thirteenth embodiment of the present 
invention- Fig. 2 IB is a vertical section of the waveguide coupler. 
In the figures, la, lb, 2a, 2b, 8a, and 8c are similar to those 
of Embodiment 1, and 15 indicates ball-shaped, barrel-shaped, or 
cylindrical pieces of metal. 

The waveguide coupler will be described. In the figures, the 
dielectric substrates la and lb, the waveguide terminals 2a and 
2b, and the GND surfaces 8a and 8b are arranged similarly to those 
of Embodiment 1 and have similar functions. A plurality of 
ball-shaped, barrel-shaped, or cylindrical pieces of metal 15, such 
as gold, are arranged between the GND surfaces 8a and 8b so as to 
surround the circumference of the waveguide terminals 2a and 2b. 
The ball-shaped, barrel-shaped, or cylindrical pieces of metal 15 
are arranged in a row in a manner that a gap between adjacent metal 
pieces 15 is equal to, or less than 1/4 of the wavelength of a high 
frequency signal passing through the waveguide terminals 2a and 
2b. When the two dielectric substrates la and lb are connected by 
thermocompression bonding, the waveguide terminals 2a and 2b formed 
in the dielectric substrates la and lb are joined via the metal 
pieces 15. 

By connecting the waveguide terminals formed in the 

dielectric substrates by thermocompression bonding, it is possible, 

as in Embodiment 1, to simplify the connecting process of the 

waveguide terminals, which has conventionally been fastened 

manually with screws. It is also possible to reduce the cost of 

the device because expensive parts, such as a waveguide coupler 

36 



or carriers, may be eliminated. Also, as in Embodiment 3, it is 
possible to minimize the loss in the waveguide coupler by deriving 
and setting the parameters LI and L2 concerning the positions of 
the ball-shaped, barrel-shaped, or cylindrical metal pieces 15. 

Forming the dielectric substrates la and lb of multi- layered 
substrates can provide a similar advantage. 

A similar advantage can also be provided by forming the 
waveguide terminals in the dielectric substrates by arranging the 
through holes in a rectangular shape, and disposing the GND surfaces 
8 for conducting electricity to the through holes. 

Fig. 22 is a vertical section of a modified example of this 
embodiment, wherein the waveguide coupler uses the dielectric 
substrates la, lb having the pads 11 formed by the solder resist 
10 as shown in Fig. lOA. Herein, the solders 7 are fused to the 
pads 11 on which no solder resist is applied. 
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